Using the implied marginal forward tax rate and limited empirical data, we estimate the tax risk premium at roughly 60 basis points, translating into a current market price of tax policy uncertainty of approximately $8 billion per year, a burden imposed on the tax exempt market. This additional cost also represents potential lost tax revenues to the Federal government. The purpose of this paper is to extract the market price of tax policy risk embedded in municipal swap data. The set of implied marginal forward tax rates is estimated based on tax exempt and taxable swap rates.
URBAN FINANCE AND THE COST OF TAX POLICY UNCERTAINTY: EVIDENCE FROM THE MUNICIPAL SWAP MARKET I. Introduction
By the end of the third quarter of 2000, there was $1.6 trillion in outstanding municipal debt that comprised roughly 11% of the U. S. debt market. In 1999, municipal issuance amounted to $264.5 billion, of which long-term debt totaled $227.4 billion (86%). (The Bond Market Association, www.bondmarkets.com) There appears to be a clear preference for longer-term debt. One risk of investing in longer-term debt is a decline in the investor's marginal tax rate. The lower the marginal tax rate, the less beneficial it is to have tax exempt income. If the marginal tax rate is uncertain, then there is uncertainty regarding the municipal debt's investment performance.
The tax exempt swap market, although still relatively new, provides a unique market to study the relationship between taxable and tax exempt interest rates. The taxable swap market is quite mature with the bid-offer spread smaller than U.S.
Treasury securities at times. Interest rate swaps represent relatively pure exposures to interest rate movements. Due to the lack of principal payment and collateralization agreements, default risk is negligible for interest rate swaps. Also, interest rate swaps are not callable, nor can they be advance refunded. Tax exempt interest rate swaps are not tax exempt, the cash flows are based on an index of tax exempt rates but the resulting cash flows are taxable to the swap counterparty. Our objective here is to develop measures of the difference between the tax exempt and the taxable swap market and explore various interpretations of the empirical results.
It is well established that forward interest rates can be extracted from a series of zero coupon bonds. Fama [1976 Fama [ , 1984 , Brooks, Kim and Livingston [1993] and others have documented that the implied forward interest rate is higher than the subsequently observed spot interest rate. Hence, forward interest rates are not unbiased predictors of future spot interest rates. This paper shows that information from both the tax exempt and the taxable swap market can be used to estimate the implied marginal forward tax rate first developed by Kochin and Parks [1988] . The implied marginal forward tax rate contains information regarding market participants' views on the future course of tax policy and the compensation municipal investors require for taking the risk of changes in tax policy. For an example of tax policy debate influencing the municipal market, see Slemrod and Greimel [1999] .
The tax risk premium is estimated at roughly 60 basis points assuming the average long-term bond issue maturity is 10 years. At the end of 2000, there was $1.6 trillion in municipal debt outstanding and 83% has been issued as long-term debt over the past 17 years. Hence, municipal governments are estimated to pay an additional $8 billion per year (60 basis points x $1.6 trillion x 83% long-term). 1 As the debate over tax policy heats up, we can expect the tax risk premium to increase.
There are two ways the implied marginal forward tax rate can be estimated, the swap approach and the bond approach. With the swap approach, swap rates from both the taxable and the tax exempt markets can be used to construct the implied forward rates in each market. The implied forward rates are then used to compute the implied marginal forward tax rate. With the bond approach, the same procedure can be used starting with yield to maturities (or spot rates) from the taxable and tax exempt bond markets.
The swaps approach is based on the BMA (The Bond Market Association
Municipal Swap Index) and LIBOR (London Interbank Offer Rate) swap rates. The floating interest rate that is used with municipal swaps was formerly known as the PSA Municipal Swap Index. In this paper, we refer to this floating interest rate as the BMA rate (or BMA spot rate) and refer to swap rates related to the BMA rate as the BMA swap rate.
2 The bond approach is based on the U. S. Treasury and the general obligation, AAA, option-free municipal bond rates.
The research method adopted here parallels the well-known procedure for extracting forward interest rates from a series of zero coupon bonds. Here the focus is on extracting the implied marginal forward tax rates from the taxable and tax exempt forward curves. Hypotheses regarding the implied marginal forward tax rate's behavior are tested. The unbiased expectations hypothesis in the taxable market asserts that the forward interest rates are unbiased forecasts of future spot interest rates. We could hypothesize a similar proposition regarding the implied marginal forward tax rate.
Specifically, the hypothesis would be that the implied marginal forward tax rate is an unbiased predictor of the expected future marginal tax rate. All of the evidence presented in this paper does not support this hypothesis. The implied marginal tax rate is much lower than the subsequent actual marginal tax rate.
Page 6 The Cost of Tax Policy Uncertainty
The propensity for tax-exempt issuers to prefer long-term bonds appears different from other debt markets. For example, the average maturity of U. S. Treasury securities is estimated to be 5 years and 4 months as of September 30, 1997 .
3 There appears to be a preference for longer-term debt for municipal governments than for the Federal government. We illustrate a different perspective on the decision by municipal officials for their debt maturity structure. Based on the research presented here, a case can be made for shorter maturity borrowing by municipalities.
This research is important as it sheds light on the task of efficiently managing a municipality risk-adjusted cost of debt. The municipality's objective is to achieve the lowest risk-adjusted cost of debt in the context of the economic duration of its assets, expected debt service costs, and roll-over risk. This paper focuses on evaluating the expected debt service cost by incorporating the impact of tax policy uncertainty.
The remainder of this paper is organized in the following manner. Section II reviews empirical data related to the municipal swap rates as well as the theoretical framework for deriving equilibrium swap rates for both the taxable and the tax-exempt market. This theoretical framework is used to derive the implied marginal forward tax rate. Section III examines the policy implications of relatively low implied marginal forward tax rates from several perspectives including municipal governments and federal policy makers. This paper is summarized in section IV. A detailed listing of notation is given in Appendix A. observed. Although other proxies for the taxable rate are possible, such as the U.S.
II. Municipal Swap Rates

A) THE BMA Rates
Treasury rates, we use LIBOR due to its highly liquid swap market. 
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where r TE,t denotes the tax exempt spot rate at a point in time t (BMA index) and r T,t denotes the taxable spot rate (LIBOR). The key rate negotiated in an interest rate swap is the fixed rate. With an interest rate swap one counterparty receives the fixed rate and pays the floating rate and the other counterparty receives the floating rate and pays the fixed rate. We examine the relationship between two swap markets, LIBOR and BMA, focusing on both floating rates as well as both fixed rates. Figure 3 presents the ratio of the floating BMA index to the floating 3 month LIBOR (Spot Rate Ratio) as well as the ratio of 10-year fixed BMA swap rates as a percentage of 10-year fixed LIBOR swap rates. 6 Over the period May 1992 through July 2000 (where swap rate data is available), the average spot rate ratio was 64% whereas the average 10-year swap rate ratio was 73%. The spot rate ratio was almost 4 times as volatile as the swap rate ratio. Figure 4 illustrates the swap curves for both BMA and LIBOR based on the average shape of each curve over the available data set, from November 1996 through July 2000. It is interesting to note that the difference between the 30-year LIBOR swap rate and the current LIBOR spot rate is 87 basis points whereas the difference between 6 The swap rate data was provided by an anonymous source. 7 The standard deviation for the spot rate ratio was 2.7% and the standard deviation for the swap rate ratio was 10.1%.
the 30-year BMA swap rate and the current BMA spot rate is 154 basis points. The BMA swap curve is typically steeper than the LIBOR swap curve. In the next section, we illustrate how swap rates are based on forward rates for the purpose of gleaning information from these markets. Specifically, in an effort to compute the implied marginal forward tax rate, we need the appropriate forward rates for both the taxable and the tax-exempt markets. Appendix B reviews basic swap valuation for both taxable and tax-exempt swaps.
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B) Implied Marginal Forward Tax Rates
Based on the Swap Market
Equilibrium swap rates are based on underlying forward interest rates. We can reverse this process and compute the implied forward rates when given the swap curve.
Appendix C gives the derivation of the forward rates, given the swap rates. The notional principal for the swap values in the following two equations are assumed to be $1 or the same notional principal used with the discount factor.
Tax-Exempt Forward Rates from BMA Swap Rates 
where f TE,0,n periodic forward tax-exempt interest rate observed at t=0 for period n, f T,0,n periodic forward taxable interest rate observed at t=0 for period n, DF T,0,n-1 taxable discount factor observed at t=0 of $1 received at point in time n-1,
, rec flt) swap value at t=0 of a taxable swap maturing in n-1 periods with fixed swap rate,
, rec flt) swap value at t of a tax-exempt swap maturing in n periods with fixed swap rate,
A detailed listing of all notation is given in Appendix A.
Note that for both the taxable and the tax-exempt forward rates, if the n-1 swap value is positive (implying that the n-period equilibrium swap rate is lower than the n-1 period equilibrium swap rate), then the n period forward rate is lower than the n period equilibrium swap rate. Appendix B illustrates applying equation (2) and (3).
The ability to compute implied forward rates given the swap curve provides the foundation for computing the IMFTR. Based on equation (1), we have
Note that for n = 0, we have the implied marginal tax rate.
Based on the Bond Market
In the same way that forward rates can be derived from swap rates, forward rates can be derived from bond yield to maturities. Appendix D gives the derivation of the forward rates, given a set of par bond yield to maturities. The main difference here is that coupon payments from tax exempt bonds are appropriately discounted at the tax exempt rate. 
Tax Exempt Forward Rates from Tax Exempt Bonds
Taxable Forward Rates from U.S. Treasury Bonds 
where the terms are defined in Appendix A.
The IMFTR, based on the bond markets, can be computed using equation (5) and (6) Second, the LIBOR market has a highly liquid futures market, the Eurodollar futures market on the Chicago Mercantile Exchange. With the combination of the Eurodollar futures market and the LIBOR swap market, a very accurate set of forward rates can be estimated. 8 The municipal forward market is not well developed, hence our estimates are based solely on the municipal swap market.
Third, using swap market data avoids several technical problems with municipal bonds, including advanced refunding, issue specific default risk, embedded call options, and problems with municipal bonds trading at a premium or a discount.
D) Empirical Evidence
Although municipal swap data is not generally available, almost four years of both tax-exempt BMA-index swap data and 3-month LIBOR swap data were acquired.
Specifically, a complete series of weekly swap rates from November 7, 1996 through July 7, 2000 were analyzed. The objective is to quantitatively measure the difference in the slopes of the taxable and the tax-exempt swap curves.
There are numerous ways to estimate the term structure. τ is the time constant associated with curve hump positioning; it determines the rate of decay toward the long-term rate, and is set to 3 (see Willner [1996] ).
The results from applying this curve-fitting model are reported in Table 1 . From Table 1 , we observe that the average long-term rate (level) suggests an implied tax rate of 19% (= 1 -5.54/6.83) which appears too low for a long-term expected tax rate. This result is consistent with the empirical literature from the bond market. The difference in slopes is statistically significant at 85 basis points. Hence during this period, the BMA swap curve was 85 basis points steeper than the LIBOR swap curve. The steeper curve has implications for the cost of municipal debt relative to maturity. Depending on the interest rate risk profile, municipalities might consider shorter-term debt maturity policies to avoid paying the relatively higher interest rates.
The average R-square for the LSC model applied to LIBOR is 0.97 and for the LSC model applied to BMA is 0.99, indicating the three parameter model adequately describes the swap curves.
Applying equations (2) and (3) to the average parameters reported in Table 1 , Figure 5 illustrates the forward curves for both LIBOR and BMA. Notice that the relatively higher BMA swap curve results in even steeper BMA forward curve. Hence the forward difference declines faster than the difference in swap curves. The BMA forward curve, it is hypothesized, contains two components, the interest rate risk premium and the tax policy risk premium. The BMA forward curve is decomposed into these two risk premiums by applying the slope of the LIBOR forward curve to the BMA forward curve. The BMA forward curve based on the LIBOR slope is computed as:
Therefore, the implied forward tax risk premium is the difference between the actual BMA forward curve and the BMA forward curve with LIBOR slope. Figure 6 illustrates this analysis based on the data in Table 1 . 11/7/96 11/7/97 11/7/98 11/7/99
Date
Difference in Basis Points
The difference in slopes in these swap markets should not be based on differences in default risk. Although LIBOR and BMA have differences in default potential, it seems reasonable that these differences are accounted for in the current spot rate. Swaps involve payments of a fixed rate and a floating rate, hence the only stochastic variable is the short-term spot rate. The difference in slopes is probably not due to liquidity difference, because again, the valuation differences due to liquidity are fully reflected in the current spot rates. Swaps do not contain embedded options.
While BMA is more volatile that LIBOR, this volatility appears to be idiosyncratic rather than systematic and should not result in differences in slopes.
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For example, the correlation between first differences in the BMA spot rate and percentage changes in the S&P 500 index was -0.04 for this time period. Green [1993] presented a model for the relationship between the taxable and tax-exempt markets based on arbitrage activities within the taxable bond market. He asserts that taxable investors can synthetically create zero coupon bonds that result in no tax liability until expiration, at which time there is a taxable capital gain. This arbitrage activity will influence the appropriate tax-exempt yield and hence the taxexempt to taxable yield ratio. Empirical evidence in Green [1993] and Chalmers' dissertation (see Chalmers [1998] ) found that Green's model cannot be rejected.
It remains somewhat unclear how effectively high tax entities can defer taxes on investments. However, clearly the ability to defer taxes influences the implied tax rate.
Therefore, there appears to be two potential reasons for the difference in slopes of the taxable and tax-exempt swap markets, dealer arbitrage and tax risk. While the ability to defer taxes is a compelling reason for the difference between these two swap curves, we focus on tax risk. Increasingly, tax risk is a negotiated risk in BMA swaps.
For example, the following is an excerpt from an actual 1998 swap confirmation where the municipality (the end-user) will receive fixed and pay BMA index:
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"By reason of enacted legislation, constitutional amendment, judicial decision or decree, or any order, ruling (public or private), regulation or official release of the Department of Treasury or the Internal Revenue Service, or any successors thereto, the 60-day average of the BMA index as a percentage of the 60-day average of the LIBOR index has exceeded 80%, or the 90-day average of the BMA index as a percentage of the 90-day average of the LIBOR Index has exceeded 75%." For this swap, should a tax event occur, then the floating rate will be based on an alternate index of 70% of LIBOR. The tax law language has the effect of lowering the fixed rate on the swap. In conversations with a BMA swap dealer, the cost for including The Cost of Tax Policy Uncertainty this type of tax law language in a 30-year swap is between 25 to 60 basis points depending on the actual wording of the events of taxability section of the swap confirmation. The BMA swap dealer's estimate of the cost of tax law language in the swap market is consistent with our estimates of the difference in slopes, supporting the position that tax risk is a driving component of the difference in slopes.
III. Implications for Policy Makers and Municipal Issuers
It is generally agreed that forward interest rates are biased upward. This bias results in additional interest expense for issuing fixed rate debt. For example, based on roughly 10-years of daily data between 1986 and 1996, Brooks [1997] estimated the additional interest cost of issuing 2-year fixed rate debt over 3-month LIBOR floating rate debt to be approximately 60 basis points per year ($6,000 per $1,000,000 of debt). Figure 8 shows the percentage of municipal debt issued as short-term debt.
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One could argue that municipal governments are behaving rationally by increasing their use of longer-term bonds due to future potential adverse tax policy changes. Potential tax policy changes that would adversely impact the municipal bond market include a national sales tax or a flat tax. Both of these policy changes would lower the highest marginal tax rate, which would reduce the relative attractiveness of holding municipal bonds. With greater tax policy uncertainty translating into increased cost for fixed rate municipal debt, we would expect that municipal finance directors will be steering their entities toward greater use of floating rate issues. According to Figure 8 , finance directors are recently going in the right direction. Many municipal governments have tax revenues that are positively correlated with inflation making issuing floating rate debt both revenue enhancing (they do not pay the tax risk premium or the interest rate risk premium) as well as risk reducing (floating rate debt is a natural hedge against inflation sensitive revenues).
Finally, it should be noted that the increased interest cost due to tax policy uncertainty is also costly to the Federal government. As municipal debt servicing provides for more of municipal investors' future consumption needs, there will be reduced demand for purchasing taxable investments, such as U.S. Treasury securities.
Hence, tax uncertainty results in an additional tax paid by municipal governments that indirectly is costly to the Federal government.
IV. Summary
The purpose of this paper is to introduce the implied marginal forward tax rate that can be derived from information contained in the taxable and tax exempt swap markets or by comparing the taxable and tax exempt bond market. Based on data examined in this paper, we identify a premium in tax-exempt, longer-term bonds that is paid due to tax policy risk. Using the implied marginal forward tax rate and limited empirical data, we estimate the tax risk premium at 60 basis points, translating into a current market price of tax policy uncertainty of approximately $8 billion per year that is paid by municipal debt issuers. Specifically, the risk of lower marginal tax rates that would adversely impact fixed rate tax exempt bonds results in these bonds offering a higher yield to maturity. The additional yield required on longer maturity tax exempt bonds has implication to municipal finance directors, government policy analysts, and bond investors. The ability to compute the implied marginal forward tax rate will provide these interested parties additional information in their assessment of tax exempt market conditions.
We adopt the following mathematical notation and centrally locate them here: i = 0, 1, ..., n calendar time divided by periods (years here), T denotes the taxable interest rate market, TE denotes the tax exempt interest rate market, r T,t periodic interest rate observed at t, taxable market (annual rate), r TE,t periodic interest rate observed at t, tax exempt market (annual rate), f T,t,i periodic forward taxable interest rate observed at t for period i, f TE,t,i periodic forward tax-exempt interest rate observed at t for period i, DF T,t,i taxable discount factor observed at t of $1 received at point in time i, DF TE,t,i tax-exempt discount factor observed at t of $1 received at point in time i, NP the notional principal of the swap, r T fx t n , , , the fixed rate on a taxable (LIBOR) swap, r TE fx t n , , , the fixed rate on a tax exempt (BMA) swap, , , , r T fx t n the equilibrium (zero swap value) fixed rate on a taxable (LIBOR) swap, , , , r TE fx t n the equilibrium (zero swap value) fixed rate on a tax exempt (BMA) swap, SV T,t,n ( r T fx t n , , , , rec flt) swap value at t of a taxable swap maturing in n periods with fixed swap rate, r T fx t n , , , , SV TE,t,n ( r TE fx t n , , , , rec flt) swap value at t of a tax-exempt swap maturing in n periods with fixed swap rate, r TE fx t n , , , ,
the risky cash flow resulting from a taxable swap at point in time i, CF TE ĩ , the risky cash flow resulting from a tax-exempt swap at point in time i, IMFTR t,n the implied marginal forward tax rate observed at t for period n, and IMTR t the current implied marginal tax rate.
( )
SC l s c m , , ;
denotes the swap curve function of either the tax-exempt or taxable swap rates, l denotes level, or the long-term swap rate, s denotes slope, the difference between the short-term rate and long-term rate, if the swap curve is upward-sloping then s is negative.
c denotes curvature, or the medium-term component, m is the maturity (in years), τ is the time constant associated with curve hump positioning; it determines the rate of decay toward the long-term rate, and is set to 3 (see Willner [1996] ).
Appendix B. Taxable and Tax Exempt Swap Valuation
Let us consider a five-year, $100,000,000 notional principal (NP), annually reset (30/360 day count) swap. Suppose further that the one year spot rates and one year forward rates are as shown in Table B .1. $0.741588*** * Rate observed at the beginning of the year and FRA and swap cash flows occur at the end of the year. Discount factor based on LIBOR rates. ** 0.64 = 4.4288%/6.9200% *** $0.741588 = $0.792906 / (1 + 0.0692) We selected forward rates for BMA to keep a constant ratio between the taxable LIBOR rate and the tax-exempt BMA rate. This ratio is the focus of this paper and has not been constant across forward rate maturities, rather it is almost always increasing.
It is important at this juncture to point out that we have made no assumptions regarding the future course of interest rates. We have not even stated whether the future interest rates follow a particular statistical distribution, such as normal or lognormal. Also, we have not made any restrictive assumptions regarding the behavior of the term structure of interest rates, for example, whether or not the local expectations hypothesis holds.
12 However, we can still precisely value LIBOR-based and BMAbased interest rate swap using the forward rates given above. (We have assumed an active FRA market in both LIBOR and BMA. The BMA market is not that liquid for
FRAs.)
Because the swap is annually reset NAD i is equal to NTDY for all i. The equilibrium five-year swap rate for BMA is 3.9058% and for LIBOR is 6.1028% illustrated below. ( Table B .2 illustrates applying equations (C.1) and (C.6) from Appendix C to the data in Table B. 1. In practice, the swap rates are used as inputs in our model from which we derive implied forward rates. 
BMA Swap Calculation
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Appendix C. Deriving the Implied Forward Rates from the Swap Market
Implied Forward Rates for the Tax-Exempt Market
Our objective is to solve for the n th forward rate from the tax exempt swap market. From Appendix E, we have ( )
Factoring out the notional principal and noting that in equilibrium the value of the swap is zero, we have
Dividing both sides by the notional principal and breaking the summation into two parts (from 1 to n-1 and n), we have
Noting that the remaining summation is just the value of a n-1 period swap, 
Note that in the text, we assumed that each period was one year, hence NAD n is equal to NTDY.
Implied Forward Rates for the Taxable Market
Our objective is to solve for the n th forward rate from the taxable swap market.
From Appendix E, modified for the taxable market, we have ( )
Recall that the n th discount factor is defined as (assuming today is t=0 and adjusting for day count)
Thus, the n th period forward rate is also contained in the n th discount factor.
Following a similar procedure as with the tax exempt case, factoring out the notional principal and noting that in equilibrium the value of the swap is zero, we have
Noting that the remaining summation is just the value of a n-1 period swap, equation (C.9) can be expressed as 
Appendix D. Deriving the Implied Forward Rates from the Bond Market
In the bond market, the implied forward rates are derived in a similar fashion in both the taxable and the tax-exempt markets. Cash payments from the municipal bond market are tax exempt, unlike municipal swaps.
We assume the existence of par bonds across the term structure. Par bonds are bonds that are trading very close to par, hence the yield to maturity is approximately the coupon rate. The required par bond yields are approximated by the on-the-run U.S.
Treasury bonds and the municipal GO-Aaa bonds on Bloomberg (option-free). Both of these series are semi-annual compounded on a 30/360 day count basis.
Semi-annual coupon bonds maturing in n years are typically valued as is the fixed rate on the swap observed when the swap was transacted (t=0).
We adopt the common swap convention of advanced set rates that are settled in arrears. Hence the forward rate is observed at the beginning of period i and the discount factor provides the present value of $1 from today to the end of period i.
14 At this point, there are three basic approaches to appraise the current value of the swap. First, we could adjust the discount factor using some risk premium. Second, we could assume a dynamic hedging strategy to mitigate the floating rate risk similar to option pricing techniques. Third, we could apply a market comparables approach (MCA).
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MCA does not rely on any assumption about the distribution of interest rates, so it is the method of choice here. Assuming no trading costs or other market frictions and
13 Another way to justify this assertion is that BMA-index based derivative valuation models explain observed prices better when one uses taxable interest rates for discounting. 14 Technically, the BMA swap floating rates are an average of the seven day rates observed over the quarter. 15 For a detailed analysis of the different approaches to valuing interest rate swaps in general, see Brooks [1998] . the existence of a forward-rate market for LIBOR and BMA, we can costlessly eliminate the risky future BMA floating rate with a forward rate agreement (FRA) on BMA. We also assume that we can borrow and lend via the LIBOR FRA market. The fixed rate on the swap that gives it a current value of zero is called the market swap rate. Solving for this fixed rate (denoted with a hat and emphasizing this is a n th maturity swap) and noting that the notional principal can be cancelled out, we have: Therefore it is a good interest rate to discount the cash flows related to interest rate swaps.
Note that the sum of w i equals one. Hence, the equilibrium swap rate can be viewed as a weighted average of forward rates, where the weights are a complex function of the taxable forward rates. Appendix B provides more details on swap valuation and swap rates.
